Background: In promoting physical activity, it is important to gain insight into environmental factors that facilitate or hinder physical activity and factors that may influence this environment-behavior relationship. As the personality factor of action orientation reflects an individual's capacity to regulate behavior it may act as a moderator in the environment-behavior relationship. The current study addressed the relationship between neighborhood walkability and walking behavior and the influence of action orientation on this relationship. Methods: Three hundred and forty-seven Dutch inhabitants [mean age 43.1 (SD 17.1)] completed a web based questionnaire assessing demographic variables, neighborhood walkability (Neighborhood Environment Walkability Scale), variables of the Theory of Planned Behavior, action orientation, and walking behavior.
Overweight and obesity are significant and increasing public health challenges, with 33.0% of the world's adult population (1.3 billion people) recorded as overweight or obese in 2005. 1 As obesity is associated with many serious chronic conditions like diabetes, hypertension, hypercholesterolemia, heart disease, certain cancers, and arthritis, it has become one of the most urgent health concerns. 2 Overweight and obesity have been associated with (a lack of) physical activity (PA), consisting of a variety of behaviors such as leisure time activities, sport participation and daily routine activities. 3 Our current environment tends to discourage PA: modern technology and transportation have reduced the need for PA in everyday life and a large part of our population already lives a sedentary life. 4 Walking is the activity most often reported in surveys of leisure-time PA and is associated with numerous health benefits. 5 Surveillance estimates among US adults show that about 30% of men and 47% of women report walking in their free time and about 50% report walking at least 3 days a week. 6 It is postulated that small increases in daily PA such as walking may prevent weight gain because spending an extra 420 kJ per day can compensate for the observed weight gain. 7 It is therefore thought that 30 minutes of moderate walking each day would help to prevent weight gain in most of the population. 8 Several studies suggest a positive association between neighborhood walkability and walking behavior. Owen and colleagues found a positive association between weekly frequency of walking for transport (but not walking for recreation) and an objectively derived neighborhood walkability index. 9 Another study reported that living in a highly walkable neighborhood was associated with more accelerometer-based minutes of transportational walking and cycling as well as recreational walking and less motorized transport. 10 The relationship between the physical environment and PA behavior may vary for different kinds of people, however. 11 Therefore, research in this field should not solely be aimed at the environmental influence on walking but also at factors that may influence the environment-behavior relationship. 12, 13 In 2006, Kremers and colleagues proposed the Environmental Research framework for weight Gain prevention (EnRG), as depicted in Figure 1 . This is a dual-process framework that can be used to gain insight into the determinants that lead to or impede energy balance-related behaviors such as walking behavior. This model assumes that PA is influenced by the environment by means of 1) an indirect pathway, which is mediated by the cognitive factors from the Theory of Planned Behavior (TPB) and 2) a direct, unmediated pathway. Furthermore the framework proposes that there are several possible moderating factors that can influence the environmentbehavior relationship including demographic factors, personality traits and the extent to which a certain behavior is determined by habit. 14, 15 Because personality traits are enduring, they may have an important effect on lifelong PA behavior. 11 To our knowledge, no study to date has examined the influence of personality on the environment-behavior relationship with regard to PA. Some studies show that the personality factor extraversion moderates the intention-behavior relationship concerning PA because people with a low level of extraversion often lack the social environment that is needed to translate their intentions into actual behavior. 11, [16] [17] [18] [19] A personality factor that might be of importance in determining the relationship between environmental factors and PA is that of action orientation. 20 Action orientation concerns individual differences in the ability to regulate emotions, thoughts and behaviors. The general concept of action orientation can be distinguished in 3 separate dimensions: 1) the extent to which individuals explicitly process information about some past, present or future situation (preoccupation), 2) the extent to which individuals have difficulty initiating goal-directed activities (hesitation), and 3) the extent to which individuals have the ability to stay in the action-oriented state when necessary (volition). 20 Individuals with a strong action orientation are able to devote their cognitive resources to the task at hand, thus being enabled to efficiently convert their intention into behavior. Individuals with a strong state orientation tend to have a lot of dysfunctional, ruminative thoughts about alternative goals or affective states, often concerned with failure, which decreases the cognitive resources available for goal-striving. This tendency decreases the ability to initiate and maintain activities successfully. 20 Several studies illustrated the importance of action orientation in the domain of self-regulation and conscious goal pursuit, showing that action-oriented individuals are more successful in fulfilling their goals. [21] [22] [23] [24] Research on nonconscious goal pursuit suggests that the process of self-regulation can occur without awareness and that environmental cues can activate goals automatically. Furthermore, the processes that are favorable for successful conscious self-regulation appear to determine automatic self-regulation. 25, 26 Indeed, some studies indicate that action orientation can affect behavioral responses partly, or even fully, automatically. [27] [28] [29] Therefore, action orientation may influence the extent to which behavior is triggered by environmental cues and thus may act as a moderating factor in the environment-behavior relationship.
The aim of this study is 1) to assess the influence of neighborhood walkability on individual walking behavior in the Dutch population, 2) to determine to which extent this influence is mediated by cognitive factors from the Theory of Planned Behavior, and 3) to define the role of action orientation in this relationship. It is hypothesized that neighborhood walkability is positively related to walking behavior and that action orientation moderates the environment-behavior relationship, in that the walkability-walking relationship is more profound in actionoriented individuals than in state orientated individuals.
Methods

Study Design and Participants
Data were collected using a web-based, cross-sectional survey, which was conducted during May 2010. Respondents were recruited from a Dutch internet panel which consists of approximately 150,000 people who volunteer to participate in web-based surveys. Although there is a slight overrepresentation of younger, more educated people in the panel, the distribution of gender and geographic localization is comparable to the general Dutch population. 30 A total of 2000 panel members age 18 years and older were randomly selected and were invited by e-mail to participate without revealing the topic of the survey. The invitation mail also enclosed a link to the website where the survey was located. The web-based survey was opened by 524 people and 347 people completed the questionnaire (response rate = 17.4%). Respondent zip codes were used to identify possible duplicate responses. Distribution of age and geographic localization of the respondents (n = 347) was comparable to the total internet panel (n = 150,000) while most respondents (68.3%) were female. In both male and female respondents, distribution of BMI was comparable to the general Dutch population, whereas younger people were slightly overrepresented in the sample. 30 The questionnaire consisted of 5 subsets of items: demographic variables (age, gender, BMI), neighborhood walkability, variables of the Theory of Planned Behavior, action orientation in terms of the 3 subdimensions, and walking behavior. According to Dutch ethical guidelines, approval by an ethics committee was not required for this survey study. Participants were informed that all provided information would be treated confidentially and would only be used anonymously for research purposes.
Neighborhood Walkability
Neighborhood walkability was measured using the abbreviated version of the Neighborhood Environment Walkability Scale (NEWS-A). The NEWS-A assesses residential density, walking distances to stores, access to services, streets in the neighborhood, places for walking and cycling, aesthetics, and neighborhood safety. 31 The questionnaire consists of 49 multiple choice questions and statements with 4 to 6 alternatives. Examples of these items are 'Stores are within easy walking distance of my home' and 'How common are detached singlefamily residences in your immediate neighborhood?' A sum score was computed to assess overall neighborhood walkability (Cronbach's α = .60). Sum scores above and below the median value (2.64) were defined as high and low perceived walkability respectively.
Theory of Planned Behavior
Eleven items were used to assess the determinants from the Theory of Planned Behavior. Four items assessed attitude (Cronbach's α = .80); an example of such an item is 'if I would walk for 30 minutes each day, I would find this (very pleasant-very unpleasant).' Three items measured subjective norm (Cronbach's α = .93), an example of such an item is 'Most people that are important to me think that I should walk for 30 minutes or more each day (totally agree-totally disagree).' Perceived behavioral control was measured with 2 items (Cronbach's α = .86), an example of such an item is 'I'm sure that I would succeed in walking 30 minutes or more each day if I wanted to (totally agree-totally disagree).' Finally, intention was measured with 2 items (Cronbach's α = .97), an example of such an item is 'I intend to walk 30 minutes or more each day (totally agree-totally disagree).'
Action Orientation
The 3 dimensions of action orientation were measured using the ACS-90: the Action Control Scale (ACS) questionnaire. 32 The ACS consists of 36 items that require subjects to choose between 2 alternatives. Hesitation was measured with 12 items (Cronbach's α = .80); an example of such an item is 'when I know I must finish something soon: 1) I have to push myself to get started, 2) I find it easy to get it over and done with.' Preoccupation also was measured with 12 items (Cronbach's α = .80); an example of such an item is 'when something really gets me down: 1) I have trouble doing anything at all, 2) I find it easy to distract myself by doing other things.' Volition was measured with 12 items as well (Cronbach's α = .62); an example of such an item is 'when I read something I find interesting: 1) I sometimes still want to put the article down and do something else, 2) I will sit and read the article for a long time.'
Walking Behavior
Walking behavior was measured by means of walking related questions derived from the International Physical Activity Questionnaire (IPAQ). 33 This questionnaire consists of items about the PA that has taken place during the last 7 days. Eight relevant items about walking were selected from the IPAQ. An example of such an item is 'during the last 7 days, on how many days did you walk at least 10 minutes to go somewhere?' Out of these items, 1 variable was computed which assessed the number of minutes of walking per day.
Analyses
All analyses were conducted with SPSS 15 software. Basic descriptive statistics were used to describe the sample characteristics (gender, age, BMI) and the mean values of neighborhood walkability and walking behavior. Pearson's chi-square test was used to assess whether there was an association between gender and neighborhood walkability. Independent t tests were used to find out whether there were significant differences in age, BMI, and walking behavior between people who lived in lowand high-walkable neighborhoods.
In addition, a multivariate regression analysis was conducted to identify the influence of demographic variables, neighborhood walkability and TPB variables on walking behavior, and to identify the moderating role of action orientation. The first model included the demographic variables (age, gender and BMI) and the 3 dimensions of action orientation. The second model added the neighborhood walkability to the regression equation. The third model added attitude, subjective norm, and perceived behavioral control and in the fourth model intention was added. Finally, potential moderation by action orientation was tested by adding interaction terms of neighborhood walkability and TPB variables with the ACS subscales (backward regression procedure). Following the guidelines by Rosnow and Rosenthal (1989), if an interaction term had a P-value <.10 this interaction was decomposed and the regression analyses were repeated on stratified samples based on a median split of the action orientation scores. 34 Table 1 shows that there was no significant association between gender and neighborhood walkability. The results of the t tests show that the mean age of people who lived in low-walkable neighborhoods was significantly higher than the mean age of participants from high-walkable neighborhoods. Furthermore, the body mass index among men living in low-walkable neighborhoods was significantly higher than among men living in high-walkable neighborhoods. In total the participants reported a mean of 66.1 (SD = 97.1) minutes of walking per day. The results of the t test show that people who lived in high-walkable neighborhoods spent significantly more time per week on walking than people from lowwalkability neighborhoods.
Results
There were statistically significant correlations between walking behavior and neighborhood walkability (r = .112), attitude (r = .116), subjective norm (r = .151), perceived behavioral control (r = .197), and intention (r = .340). No statistically significant correlations were found between walking behavior and the Action Control subscales.
The results of the regression analysis for the explanation of walking behavior are displayed in Table 2 . The independent variables explained 14% of the total variance of walking behavior. The results of model 1 did not show any factors significantly associated with walking. Neighborhood walkability was significantly associated with walking behavior (Model 2), even when corrected for TPB variables (Model 3 and 4). In Model 3, perceived behavioral control was additionally found to be associated with walking, but this association disappeared when intention was added to the regression equation (Model 4). As the P-value of the interaction term between preoccupation and subjective norm was < .10, this interaction was explored by decomposing the interaction term and repeating the regression analyses on stratified samples based on a median split of the preoccupation scale (1.46). The results of the stratified analyses for the stateand action-oriented part of the research population are displayed in Table 3 . In the state-oriented subset, the independent variables explained 13% of the total variance of walking behavior. In the action-oriented individuals, the explained variance was 19%. In both subgroups, the results of model 1 did not show any factors significantly associated with walking behavior. Walkability was not associated with walking for the state-oriented subgroup in any of the regression models, but it was associated with walking behavior in the action-oriented individuals (Model 2), even when corrected for TPB variables (Model 3 and 4) . In the state-oriented individuals, subjective norm was significantly associated with walking behavior (Model 3). In the action-oriented individuals, perceived behavioral control was significantly associated with walking behavior (Model 3). Intention was positively associated with walking behavior in both subgroups.
Discussion
The results of this study show that people who lived in high-walkable neighborhoods on average spent more per time per week on walking than people living in lowwalkable neighborhoods. In line with results of previous studies, the contribution of neighborhood walkability to the explained variance of walking behavior was small, 9, 10 but equal in size to that of the TPB variables. 35 The current study is the first to provide indications that the walkability-walking association is minimally mediated by theorybased cognitive factors, implying that the influence of neighborhood environment on walking behavior has a relatively large unconscious, automatic, component. The results additionally indicated a moderating role of action orientation in the relationship between walkability and walking. A positive influence of neighborhood walkability on total walking was identified in the action-oriented part of the study population, whereas in the state-oriented part of the population, the walkability-walking behavior association was absent.
The hypothesis that high neighborhood walkability would be positively associated with walking in the Netherlands was confirmed. Neighborhood walkability accounted for a small but statistically significant proportion of the total explained variation of total weekly walking behavior. The fact that the explained variation was small does not mean that neighborhood walkability is not important; small changes in perceived neighborhood walkability could have effect on daily walking behavior patterns over longer periods of time, 36 as underlined by our finding that inhabitants of high-walkability neighborhoods reported on average 25 minutes more walking time per day than those living in low-walkability neighborhoods.
This study was the first to analyze the role of action orientation in the walkability-walking association. The hypothesis-the walkability-walking association would be more profound in action-oriented than in state-oriented individuals-was confirmed. In the state-oriented part of the research population the walkability-walking association was absent. Furthermore, the intention-behavior association was somewhat more profound in the actionoriented population (additional explained variance 7.1% vs. 4.6%). In other studies regarding more intensive types of PA, similar results were found with regard to the intention-behavior relationship. 24, 37 A limitation of this study is the applied crosssectional design which precludes determination of causality. According to Owen and colleagues, to conclude that walking behavior is influenced by neighborhood walkability one should make use of prospective study designs with at least 3 observation points. 36 The reported amount of time spent on walking by the population in this study is higher than in other comparable studies. 9, 10, 38 Indeed, it is known that the Dutch population is relatively active in terms of active commuting. 39 The Neighborhood Environment Walkability Scale applied in this study was also used in previous studies in the domain of neighborhood walkability and it has been shown to be an adequate instrument for measuring the perceived neighborhood walkability. Evidence for the criterion validity and reliability of the NEWS and NEWS-A has been reported in several studies. 31, 38, [40] [41] [42] Since self report was used to obtain information about neighborhood walkability, the results represent the perceived neighborhood walkability which is not necessarily the same as objective neighborhood walkability. It appears that some people are likely to misperceive their environment as low-or high-walkable. 43, 44 In addition, action orientation possibly could modify the way people perceive their neighborhood or their walking behavior and this could have led to biased results. Additional t tests, however, did not reveal any significant differences in perceived neighborhood walkability or walking behavior between the action and state subsets. Finally, caution is needed when generalizing the results of this study to the general Dutch population because of the overrepresentation of women in the sample, and potential bias due to the use of an internet-based sampling frame. [45] [46] [47] In web-based research, bias can occur because younger, more educated people have greater access to the internet and because people are more likely to complete a survey if they are interested in its contents. 45-47
Recommendations
Recommendations for future studies are the use of a longitudinal design and the use of both self report as well as objective measurement of neighborhood walkability and walking behavior. The objective neighborhood walkability can be defined by using the Geographic Information System (GIS); objective information about walking behavior can be obtained by using accelerometers. Furthermore, it would be pertinent to examine other personality factors that could moderate the walkabilitywalking relationship. 11 If more evidence arises on the role of action orientation in this field (eg, state-oriented people are less positively stimulated by their environment than action-oriented people), this knowledge could be applied in community health intervention programs as well as in individually tailored PA programs.
